We extend the study of hadron yield correlation in combination models in a recent publication to baryon-antibaryon flavor correlations in heavy ion collisions. We show that the universal behaviors of the anti-baryon to baryon yield ratios as functions of that of K − to K + are naturally explained. We study also the "mixed ratios" and propose other measurements that might be sensitive to the hadronization mechanism.
I. INTRODUCTION
Baryon-anti-baryon flavor correlation is usually regarded as a sensitive variable to test different hadronization models thus always draws much attention in studying hadronization mechanism in different high energy reactions. Earlier studies can be found e.g. in e + e − annihilations [1, 2] and recently many discussions have been made in heavy ion collisions [3] [4] [5] . The most direct measurable quantity describing baryon-antibaryon flavor correlation is the anti-baryon to baryon yield ratio NB i / N B i in a given kinematic region, where B i denotes different types of baryons, and N h i denotes the average yield of the hadron h i . There are already quite abundant data available on yields of different B j 's and the correspondingB j 's in heavy ion collision experiments at different energies for reactions using different nuclei, and from these data anti-baryon to baryon yield ratios have been [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] and/or can be [21] calculated. It is interesting to see that the results seem to exhibit universal behaviors for NB i / N B i as functions of N K − / N K + [7] [8] [9] .
In a recent paper [22] , we study the hadron yield correlations in heavy ion collisions. The hadrons are produced in the combination mechanism. The formalism is obtained by using the following two approximations and/or general assumptions:
(1) Factorization: the flavor and momentum dependences of the combination kernel function are factorized and the momentum distributions of quarks and/or anti-quarks are taken as flavor independent;
(2) Independent flavor production: the probability for production of different flavors in each of the new born quark-antiquark pair in the reaction is taken as a constant independent from each other. Hence the numbers of different flavors of the newly produced quarks and anti-quarks follow the polynominal distribution with strangeness suppression factor λ. The influence of net-quarks originated from the incident nuclei is taken into account by modifying the strangeness suppression factor for quark to λ q = 2λ(1 − γ net )/(2 + λγ net ), where
and N q are the average numbers of net-quarks and quarks respectively .
Under these two assumptions, we have shown that there exist a set of relationships between the yields of different hadrons produced in the combination process. We presented the results for the case where only J P = 0 − and 1 − mesons, J P = (1/2) + and (3/2) + baryons are taken into account and showed that they are consistent with the data available. Apparently NB i / N B i is one special example of the hadron yield ratios describing hadron yield correlation studied in [22] . It is therefore natural to ask whether the data in particular the universal behaviors mentioned above can also be described by the formalism given there and whether there are more sensitive measurable quantities to describe the baryon-anti-baryon flavor correlation in heavy ion collisions.
This note is intended to be an addendum to [22] . Here, we apply the formalism given in [22] to study the baryon-antibaryon flavor correlation. We calculate NB i / N B i and propose other measurable quantities that can be used for the studies in this respect.
II.B TO B YIELD RATIOS
In [22] , we derived that, in the combination mechanism with the two approximations and/or assumptions mentioned above, hadron yields are given as functions of the strange suppression factor λ, the effective strangeness suppression factor λ q , the average number of baryons N B and that for mesons N M . In particular, the anti-baryon to baryon yield ratios are quite simple. They are the same for the directly produced ones and those in the final states including strong and electromagnetic decay contributions, and are given by [22] ,
Similarly, for kaons in the final state, we have,
where the superscript f denotes the results for hadrons in the final states. From these equations, we see that if there is no net-quark contribution, i.e., N net q or γ net = 0, we have λ q = λ, NB = N B , and hence all the ratios shown by Eqs. (1-5) are unity. We also see that, at a given λ,
Here, we not only clearly see that
Also, from Eqs. (1-4) , we see that, besides NB / N B , the yield ratios ofB j to B j are also functions of γ net . It can also be expected that NB / N B should also be a function of γ net . In fact, in [22] , we derived that, for reasonably large N q (> 100, say), in combination mechanism, the ratio of the average number of anti-baryons to mesons produced in the process can be parameterized with good approximation by,
and this leads to,
We insert Eq. (8) into Eqs.
(1-4) and obtain,
We see that they are functions of γ net . In Fig. 1 , we present the results of these ratios as functions of γ net . During the calculations, we also find out that the results are not very sensitive to the value of the strangeness suppression factor λ but there are some influences in particular forp to p ratio. In Fig. 1 , we show besides the results obtained at λ = 0.5 that is usually used in heavy ion collisions and also two limiting cases for λ = 1 (no strange suppression) and the maximum strange suppression by taking the limit at λ → 0 for comparison. We see that all these ratios are indeed monotonically decreasing functions of γ net . We see in particular that We emphasize that these functions should be universal in the sense that they are consequences of the combination mechanism with the assumptions of factorization and flavor independent production mentioned in the introduction of this note. They should be independent of the nuclei used in the collisions, independent of the reaction energies. Furthermore, they should also be the same in different kinematic regions, and also the same for different centralities as long as the combination mechanism is at work.
In Fig. 2 , we show the results compared with the data obtained by different collaborations. These data are taken from Refs. [6] [7] [8] [9] [10] [11] [12] [13] [14] [17] [18] [19] [20] [21] . Those from STAR and NA49 are all for central rapidity regions such as −0.5 < y < 0.5, while those from NA44 are for rapidity regions around y ∼ 2 to 4, and those from BRAHMS are for different rapidity intervals in the whole rapidity regions. We see that the results are indeed in good agreement with the data available [6-14, 17-21]. Furthermore, from Eqs. (1-4) , we also see clearly that, if we build the ratio between any two NB i / N B i 's from them, we obtain a very simple result, i.e., a power of λ/λ q . For example, we have,
They are valid for both directly produced baryons and those in the final states. We emphasize that these relationships are more intrinsic in the combination mechanism since they are independent of e.g. the parameterization given by Eq. (7). They could provide more sensitive tests to the hadronization mechanism. Such kinds of "mixed ratios" of yields of hadrons have been analysed in experiments such as given in [14, 15] where results on (
0.5 at √ s NN = 130 GeV derived from the measurements by STAR Collaboration are given. We plot them in Fig. 3 (a) . Similar hadron yield ratios have also been given by STAR Collaboration with energy scan [9] [10] [11] [12] [13] . We calculate the corresponding ratios using them and show the results in the same figure. Also, there are data at LHC and SPS energies [16] [17] [18] [19] [20] [21] . We show the results derived from them in Fig. 3 (b) . All the data are for different energies but all in the central rapidity regions. From Fig. 3 (a) and (b), we see that, at relatively high energies such as those at high RHIC and LHC, these ratios indeed fall into one straight horizontal line respectively, consistent with the results given by Eq. (13) . However, at lower energies, in particular, at √ s NN = 7.7 GeV and E beam = 20
AGeV, there seems indications that the results deviate from those expected in the quark combination mechanism with the two assumptions and/or approximations mentioned in the introduction part of this note. This might be taken as a signature of the failure of the quark combination mechanism in this energy range. More precise measurements are needed to clarify this.
III. BB FLAVOR CORRELATION FACTORS
Another quantity to measure the baryon-anti-baryon flavor correlation can be the correlation factor C B jBk defined as,
where N B jBk = N B j NB k is the number of all possible B jBk pairs in the system considered. Clearly, if the flavor of anti-baryon and that of baryon are completely uncorrelated, we have,
For the case that the flavor ofB j is completely correlated with that of B j , we have, N B j = NB j and
where In the combination model as formulated in [22] with the two approximations and/or assumptions of factorization and independent flavor production mentioned in the introduction part of this note, C B jBk can be easily calculated. The result is given by,
They are all the same for different combinations of B j andB k . If we scale C B jBk by N BB / N B NB and denote it as c B jBk ≡ C B jBk /( N BB / N B NB ), we have c B jBk = 1 independent of B j andB k . This is a very clear prediction of the combination models that can be tested by future experiments. One effect that might influence the flavor correlation factor c B jBk in a system is the global flavor compensation. To make an estimation, we consider a system of equal number N q of quarks and anti-quarks and suppose the flavor is compensated globally. The expressions showing the influence are not difficult to derive but the results are a little bit lengthy. The simplest one is for Ω −Ω+ , where we have,
where p s = λ/(2 + λ). To get a feeling of the size of such effect, we show in Fig. 4 the numeric results of c B jBk= j for different types of baryons scaled by N BB / N B NB as a function of N q when global flavor compensation is taken into account. We see that there are indeed significant influences at not very large N q in particular for Ω. The influences are small for large N q . Usually, when we consider a sub-system of hadrons in a given kinematic region, this influence is expected to be small since the global flavor compensation only applies to the whole system produced in the collision. 
IV. SUMMARY
In summary, we study the baryon-anti-baryon flavor correlation in quark combination in heavy ion collisions. We adopt the formalism derived in [22] by making the assumptions of flavor-momentum-factorization and independent flavor production at the quark level. We show that the observed universal behaviors of anti-baryon to baryon yield ratios as functions of that of K − to K + are naturally explained. We propose further measurements in this connection and make predictions for future experiments.
